(19) 



J 




(12) 



Europdisches Paterrtamt 
European Patent Office 
Office europ^endes brevets (11) EP 0 970 997 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

12.01.2000 Bulletin 2000/02 

(21) Application number: 99202262.4 

(22) Date of filing: 09.07.1999 



(51) int. CI. 7 : C08L 69/00, C08K 5/523 

// (C08L69/00, 55:02, 25:12, 
27:18), (C08L69/00, 51:04) 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MCNLPTSE 

Designated Extension States: 
ALLTLVMKRO SI 

(30) Priority: 10.07.1998 US 113872 

(71) Applicant: Cheil Industries Inc. 
Euiwang-shl, KyoungW-Do (KR) 



CM 
< 

CD 
O 

o> 
o 

CL 
LU 



(72) Inventors: 

• Lim, Jong Cheol 
Kwachon-shi, Kyongkl-do (KR) 

• Kwon, Ick Hwan 
Youngdungpo-Gu, Seoul (KR) 

• Jang, Bok Nam 
Songpa-Gu, Seoul (KR) 

(74) Representative: 

Ottevangers, Sietse Ulbe et al 
Vereenigde Octrooibureaux 
Nieuwe Parklaan 97 
2587 BN f s-Gravenhage (NL) 



(54) Rame retardant polycarbonate/abs composition 

(57) Flame retardant, thermoplastic molding composition which comprises 

(A) 40 to 99 parts by weight of a halogen free, thermoplastic polycarbonate: 

(B) 1 to 50 parts by weight of a graft polymer prepared by graft polymerizing 
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(B-1) 5 to 95 parts by weight of a mixture of 

(B-1.1) 50 to 95 parts by weight of styrene, a-methylstyrene. halogen or methyl ring-substituted styrene, 
C1-C8alkylmethacrylate.C1-C8alkylacrylate, or a mixture thereof and 

(B-1 2) 5 to 50 parts by weight of acrylonitrile. methacrylonitrile, C1-C8 alkyl methacrylates. C1-C8 alkyl 
acrylate, maleic anhydride, C1-C4 alkyl or phenyl N-substituted maleimides or a mixture thereof onto 

(B-2) 5 to 95 parts by weight of a polymer with a glass transition temperature of below -1 0 °C and selected from 
a group consisting of butadiene rubbers, acryl rubbers, ethylene/propylene rubbers, styrene/butadiene rub- 
bers, acrylonitrile/butadiene rubbers, isoprene rubbers, EPDM rubbers, polyorganosiloxane derivatives, and 
mixture thereof; 

(C) 0 to 50 parts by weight of a vinyl copolymer or mixture thereof prepared from 

(C-1) 50 to 95 parts by weight of styrene, a-methylstyrene. ring-substituted styrenes. C1-C8 alkyl methacr- 
ylates, C1 -C8 alkyl acrylates or a mixture thereof and 

(C-2) 50 to 5 parts by weight of acrylonitrile. methacrylonitrile, C1-C8 alkyl methacrylates. C1-C8 alkyl acr- 
ylates. maleic anhydride, N-substituted maleimides and a mixture thereof; 

(D) 0.5 to 20 parts by weight, based on 1 00 parts by weight of (A)+(B)+(C) . of a mixture of phosphate esters com- 
prising 

(D-1) more than or equal to 10 % by weight and less than 50 % by weight of a mixture of polyphosphates 
wherein each component is represented by the general formula (I) 
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(I) 



R,. R 2 . R 4 . and R 5 independently of one another are C6-C20 aryl or alkyl substituted C6-C20 aryl. R 3 is a res- 
idue derived from bisphenol A. and M is an integer equal to or greater than 1. and 

(D-2) more than or equal to 50 % by weight and less than or equal to 90% by weight of a monophosphate rep- 
resented by the general formula (II) or a mixture of monophosphates wherein each component is represented 
by the general formula (II) 




wherein 

R is alkyl group such as t-butyi, isopropyl. isobutyl, isoamyl. t-amyl and N is 0 or an integer from 1 to 3; and 
(E) further flame retardants comprising 0.05 to 5.0 part by weight, based on 100 parts by weigM of fr.e bas.c 
resin (A)+(B)+(C) , of a fluorinated polyolef in and/or 0.01-1 parts by weight of the base resin (A)+(B)+(C) of 
a salt having flame retarding properties for aromatic polycarbonates. 



2 



EP 0 970 997 A2 



Description 

1. Field of the Invention 

[0001 ] The present invention relates to flame retardant polycarbonate-based thermoplastic resin composition with 
improved flame retatdancy. thermal stability and stress cracking resistance that is useful for the electric and electronic 
products housings. Moreover, the resin composition of the present invention has no smoking and no bleeding out during 
injection molding. More particularly, the present invention relates to a polycarbonate-based thermoplastic resin compo- 
sition which comprises a polycarbonate, a rubber-reformed graft copolymer, a vinyl copolymer, a mixture of specific 
polyphosphate compounds and monophosphate compounds wherein the amount of polyphosphate compounds is less 
than 50 wt % and equal to or more than 10 wt % of the total amount of the flame retardants. and further flame retard- 
ants such as a f iuorinated polyolef in and/or a salt having flame-proofing properties for aromatic polycarbonates. 

2. Description of the Prior Art 

[0002] Polycarbonate molding compositions are broadly used for the parts of electrical products and automotive com- 
ponents as having excellent transparency, high impact strength, and flame retardant properties. However, having poor 
processabilrty during molding process, polycarbonate resins are usually used by blending with other kinds of resins. For 
example, molding compositions comprising a polycarbonate resin and a styrene-containing resin have good processa- 
bilrty as well as high notched impact strength. 

[0003] Furthermore, polycarbonate molding compositions used for parts of home appliances and computers should 
have particularly high flame resistance to prevent fires. For this purpose, halogen and/or antimony containing com- 
pounds have been used to render flame retardant property to thermoplastic molding compositions. In U.S. Pat No. 
4 983 658 and 4 883 835. a halogen containing compound is used as a flame retardant. The halogen containing com- 
pound, however. 'results in the corrosion of the mold itself by the hydrogen halide gases released during a molding proc- 
ess and is fatally harmful due to the toxic gases generated during combustion. 

[0004] U S Pat No 4 692.488 discloses a thermoplastic molding composition comprising a halogen-free aromatic 
polycarbonate, a halogen-free copolymer of styrene and acrylonrtrile. a halogen-free phosphorus compound, a 
tetraf luoroethylene polymer, and small amounts of ABS graft polymer. The use of a phosphorus compound and per- 
fluoroalkane polymer to render flame retardancy to a polycarbonate/ABS resin composition, as disclosed in US. Pat 
No 4 692 488 prevents the dripping of flaming particles during combustion. While these molding compositions indeed 
have 'adequate flame retardant behavior and mechanical properties, surface crack problem due to the migration of 
flame retaixiant during a molding process, called "bleeding out", might occur. 

[0005] U S Pat No 5 030.675 describes flame retardant. thermoplastic molding composition prepared from an aro- 
matic polycarbonate. ABS polymer, polyalkylene terephthalate together with monophosphates and fluonnated polyole- 
f ins as flame relaxants. Good stress cracking resistance is accompanied by deficiencies in notched impact strength, 
together with unsatisfactory thermal stability when exposed to elevated temperatures during processing. 
[0006] Polyphosphates are also known as flame retardants. Japanese Pat Laid Open 59-202.240 describes the pro- 
duction of such a product from phosphorus oxychloride. diphenols such as hydroquinone or bisphenol A and monophe- 
nols such as phenol or cresol. These polyphosphates may be used as flame retardants in polyamide or polycarbonate. 
However, this publication limits the amount of the monophosphate within 40 wt. % of the total phosphate esters. 
[0007] US Pat No 5,204,394 describes a polymer mixture comprising an aromatic polycarbonate, a copolymer 
and/or graft copolymer containing styrene, together with polyphosphates as flame retardants. U.S. Pat. No. 5,061 .745 
describes a polycarbonate molding compounds consisting of an aromatic polycarbonate. ABS graft copolymer, mono- 
phosphates as flame retardants and. optionally, a copolymer. In the aforementioned patents, the representative exam- 
ples of the phosphorus compound are triarylphosphates and polyphosphates. In the case of flame retardant molding 
composition using a base resin comprising a polycarbonate, a styrene-containing graft copolymer, vinyl copolymer, the 
siress cracking resistance mainly depends on the volatility of the flame retardant i.e. molecular weight of Ihe flame 
retardant and compatibility between polycarbonate resin and the flame retardant. In the process of using tnarylphos- 
phates a bleeding out phenomenon occurs during molding processes because the triarylphosphates form the laminae 
on the surface due to the volatility. On the other hand, in processes using polyphosphates, the occurence of bleeding 
out caused by the evaporation of flame retardant might be decreased but the surface crackdue to the migration of flame 
retardant to the surface of molded parts still occurs when the polyphosphate flame retardant does not have good com- 
patibility with polycarbonate resin. Also thermal stability of compound is lowered by the thermal decomposition of 
polyphosphate, which leads the injection molded articles to have black streaks on the surface. 
[0008] U S Pat No 5,672.645 describes flame retardant polycarbonate/ABS molding composition containing an aro- 
matic polycarbonate, a vinyl copolymer, a graft copolymer, a combination of a monophosphate compound and an 
polyphosphate compound as flame retardants. and a fluorinated polyolefin. In this patent, resorcinol or hydroquinone 
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derivatives was used as a polyphosphate compound flame retardant. but it is known that the compatibility of resorcinol 
or hydroquinone type polyphosphate with polycarbonate resin is not so good. So the impact strength of these compo- 
sition cSn be IcJered^d surface crack due to the migration of flame retardant to the surface of molded parts st.ll 
occurs. And also color stripes on the surface of molded parts occur by the thermal decomposition of these resorcinol or 

5 hydroquinone derived polyphosphate. 

[00091 EP 0 767 204 A2 discloses flame retardant polycarbonate/ABS molding composition in wh.ch a mixture of a 
bisphenol-A type polyphosphate and a monophosphate ester is blended with polyphenylene ether resin or polycar- 
bonate resin. The molding composition in this patent does not smoke and bleed out during injection molding and the 
mixture of phosphate esters wherein the amount of polyphosphate is more than 50 wt% of the total flame retardant is 

io easy to handle. But the resin composition disclosed in this patent has relatively poor performance in flame retardancy. 
impact strength and thermal stability during injection molding. 

[00101 In view of the foregoing circumstances, the present inventors have proceeded wrth extensive research, result- 
ing in the finding of a new thermoplastic resin composition wHh balanced properties of excellent thermal stebihty during 
processing, improved flame retardancy. high impact strength, and high heat resistance. The novel flame retardant ther- 
»s moplastic resin composition comprises a polycarbonate, a rubber-reformed graft copolymer, vinyl copolymer, a mixture 
of bisphenol A derived specific type polyphosphate compounds and a monophosphate ester compounds, and a fluon- 
nated polydef in. The present invention has been completed based on the above findings. 

SUMMARY OF THE INVENTION 

20 [00111 An object of the invention is to provide a flameproof ttiermoplastic resin composition which has a well-balanced 
properties such as improved flame retardancy. good impact strength, high heat resistance, and excellent thermal sta- 
bility during processing which comprise a polycarbonate, a rubber-reformed graft copolymer, vinyl copolymer a mixture 
of bisphenol A derived specific type polyphosphate compounds and a monophosphate ester *? 

25 amount of polyphosphate compounds is less than 50 wt% and more than or equal to 10 wt. % of the total flame retard- 
ants, and fluorinated polyolefin. 

[001 2] The present invention provides flame retardant thermoplastic molding composition comprises 

(A) 40 to 99 parts by weight of a halogen free, thermoplastic polycarbonate; 
30 (B) 1 to 50 parts by weight of a graft polymer prepared by graft polymerizing 

(B-1 ) 5 to 95 parts by weight of a mixture of 

(B-1.1) 50 to 95 parts by weight of styrene, a-methylstyrene. halogen or methyl ring-substituted styrene, 
35 C1-C8 alkyl methacrylate. C1-C8 alkyl acrylate, or a mixture thereof and 

(B-1 2) 5 to 50 parts by weight of acrylonitrile. methacrylonitrile. C1 -C8 alkyl methacrylates. C1 -C8 alkyl 
acrylate. maleic anhydride. C1-C4 alkyl or phenyl N-substituted maleimides or a mixture thereof, and 

(B-2) 5 to 95 parts by weight of a polymer with a glass transition temperature of below -1 0 °C and selected from 
40 a group consisting of butadiene rubbers, acryl rubbers, ethylene/propylene rubbers, styrene/butadiene rub- 

bers, acrylonitrile/butadiene rubbers, isoprene rubbers, EPDM rubbers, polyorganosiloxane denvatwes, and 
mixture thereof. 
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(C) 0 to 50 parts by weight of a vinyl copolymer or mixture thereof prepared from 

(C-1) 50 to 95 parts by weight of styrene. a-methylstyrene, ring-substituted styrenes. C1-C8 alkyl methacr- 
ylates. C1 -C8 alkyl acrylates or a mixture thereof and 

(C-2) 50 to 5 parts by weight of acrylonitrile. methacrylonitrile. C1-C8 alkyl methacrylates. C1-C8 alkyl acr- 
ylates, maleic anhydride. N-substituted maleimides and a mixture thereof, 

(D) 0.5 to 20 parts by weight, based on 1 00 parts by weight of (A)+(B)+(C) . of a mixture of phosphate esters com- 
prising 

(D-1) more than or equal to 10 % by weight and less than 50 % by weight of a mixture of polyphosphates 
55 wherein each component is represented by the general formula (I) 
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wherein, 



B A . R 2 . R 4 , and R 5 independently of one another are C6-C20 aryi or alkyt substituted C6-C20 aryi, R 3 is a res- 
idue derived from bisphenol A, and M is an integer equal to or greater than 1 , and 

(D-2) more than or equal to 50 % by weight and less than or equal to 90% by weight of a monophosphate rep- 
resented by the general formula (II) or a mixture of monophosphates wherein each component is represented 
by the general formula (II) 
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<n> 



wherein 

30 R is alkyl group such as t-butyl, isopropyl, isobutyl, isoamyi, t-amyl and N is 0 or an integer from 1 to 3, and 

(E) further flame retardants. 
Detailed Description of Preferred Embodiments 

35 

(A) Halogen-free, Thermoplastic Polycarbonate 

[001 3] Suitable component (A) thermoplastic aromatic polycarbonates to be used in the invention are generally pre- 
pared by reacting diphenols being represented by the following formula (III) with phosgene, a halogen formate or a car- 
40 bonic diester, 
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OH 




<m) 
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wherein 



A is a single bond, C1-C5 alkylene, C2-C6 alkylidene. C5-C6 cycloalkylidene. -S- or -S02-. Specific examples of 
diphenols of the formula (III) include hydroquinone. resorcinol. 4.4-dihydroxydiphenyl. 2.2-bis-(4-hydroxyphenyl) 
propane 2 4-bis-(4-hydroxyphenyt)-2-methyl-butane. 1,1-bis-{4-hydroxyphenyl)-cyclohexane. 2.2-bis-(3-chloro-4- 
hydroxyphenyl) propane. 2,2-bis -(3,5^foromo-44iydroxyphenyDprcpane. Among these, 2.2-bis-(4-hydroxyphe- 
nyf)propane, 2.2-bis-(3.S<lichloro-4-hydroxyphenyf)propane and 1.1-bis-(4-hydroxyphenyQ-cydohexane are pre- 
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ferred. The most preferred and widely used aromatic polycarbonates are prepared from bisphenol-A, and 2.2-bis- 
(4-hydroxyphenyl)propane. 

[00141 As the suitable polycarbonates (A) to be incorporated into the present invention, it is ones having an average 
molecular weights (Mw. weight average, as measured for example by ultracentrifugation or light scattering measure- 
ment) of 1 0.000 to 200.000. preferably of 1 5.000 to 80.000. 

[001 5] Suitable polycarbonates (A) incorporated into the composition of the invention may be branched in a known 
manner in particular preferably by incorporation 0.05 to 2 mol.%. based to total quantity of diphenols used, of tn- or 
higher functional compounds, for example, those with three or more phenolic groups. Both and copolycarbonates are 
illustrated as suitable polycarbonates for the present invention. Component A may also be a blend of the thermoplastic 

polycarbonates specified above. 

[001 6] The polycarbonates (A) may be partially or entirely replaced with aromatic polyester-carbonates which are 
obtained by performing the polymerization reaction in the presence of an ester precursor, for example, a difunctional 
carboxylic acid. 

(B) Graft Copolymer 

[001 7] The graft copolymers to be used in the present invention are those prepared from the following monomer units 
(B-1) 5 to 95 parts by weight, based on (B), of a mixture of 

(B-1.1) 50 to 95 parts by weight of styrene. a-methylstyrene. halogen or methyl ring-substituted styrene. C1- 
C8 alkyl methacrylate. C1-C8alkyl acrylate. or a mixture thereof, and 

(B-1 .2) 5 to 50 parts by weight of acrylonitrile, methacrylonitrile, C1-C8 alkyl methacrylates. C1-C8 alkyl acr- 
ylate. maleic anhydride. C1-C4 alkyl or phenyl N-substituted maleimides or a mixture thereof onto 

(B-2) 5 to 95 parts by weight of a polymer with a glass transition temperature of below -1 0 "C and selected from a 
group consisting of butadiene rubbers, acryl rubbers, ethylene/propylene rubbers, styrene/butadiene rubbers, acry- 
lonitrile/butadiene rubbers, isoprene rubbers. EPDM rubbers, polyorganosiloxane derivatives, and a mixture 
thereof C1-C8 alkyl acrylates or C1-C8 alkyl methacrylates are the esters of acrylic or methacrylic acids respec- 
tively with monohydric alcohols with 1 to 8 C atoms. Specific examples include methyl methacrylate. ethyl methacr- 
ylate and propyl methacrylate. Among methyl methacrylate. methacrylic acid ester is particularly preferred. 

[001 8] Preferred examples of the graft polymers (B) include polybutadienes. butadiene/styrene copolymers and acryl 
rubbers grafted with styrene and/or acrylonitrile and/or (meth)acrylic acid alkyl esters. Of these. ABS polymers are par- 
ticularly preferred for the polymers (B). , . 

[001 9] The preferred average particle size of the rubber (B.2) is 0.05 to 4 ^m in order to improve the impact strength 
and surface of the moldings. . . . 

[0020] The graft copolymers of components (B) may be prepared according to the conventional methods in the art of 
preparation of the graft copolymers, in particular, emulsion, suspension, solution or bulk polymerization. Preferred 
method for preparing the graft copolymer (B) is emulsion or bulk polymerization. 

(C) Vinyl Copolymer 

[0021] Component (C) vinyl copolymers to be used in the present invention are those prepared from 

(C-1) 50 to 95 parts by weight of styrene. a-methylstyrene. ring-substituted styrenes. C1-C8 alkyl methacrylates, 
C1-C8 alkyl acrylates or a mixture thereof, and 

(C-2) 50 to 5 parts by weight of acrylonitrile. methacrylonitrile. C1-C8 alkyl methacrylates, C1-C8 alkyl acrylates. 
maleic anhydride. N-substituted maleimides or a mixture thereof 

C1 -C8 alkyl acrylates or C1 -C8 alkyl methacrylates are the esters of acrylic or methacrylic acids respectively 
with monohydric alcohols with 1 to 8 carbon atoms. Specific examples include methyl methacrylate. ethyl 
methacrylate and propyl methacrylate. For methacrylic acid ester, methyl methacrylate is particularly pre- 
ferred. The copolymers of component (C) may be often produced as secondary products in the graft polymer- 
ization during production of component (B). particularly when a large quantity of monomers is grafted onto a 
small quantity of rubber. The quantity of copolymer (C) to be used in accordance with the present invention 
does not include these secondary graft polymerization product. 
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[0022] The component (C) copolymers are resinous thermoplastic material, and they do not contain rubber. 
[0023] Preferred copolymers (C) are those prepared from methyl methacrylate with methyl (meth)acrytate, which may 
be produced by free-radical polymerization, in particular by emulsion, suspension, solution or bulk polymerization. Pre- 
ferred copolymers (C) are also those prepared from styrene with acrylonitrile and optionally methyl methacrylate. from 

s a-methylstyrene with acrylonitrile and optionally methyl methacrylate or from styrene and a-methylstyrene with acrylo- 
nitrile and optionally methyl methacrylate. „ roMroH w 
[0024] The component (C) styrene/acrytonitrile copolymers are materials known per se and may be prepared^ 
examples, by free-radical polymerization, in particular by emulsion, suspension, solution or bulk polymenzaton. The 
preferable component (C) copolymers is illustrated as those having molecular weights Mw (weight average, determined 

io by light scattering or settling) of between 15.000 and 200.000. . 

[0025] Preferred copolymers (C) to be incorporated into the composition of the invention are also random copolymers 
of styrene and maleic anhydride, which may be produced from the corresponding monomers by continuous bulk or solu- 
tion polymerization with incomplete conversion. 

[0026] The proportions of the two components in the suitable random styrene-maleic anhydride copolymers may be 
is varied wrthin a wide ranga The preferred maleic anhydride content is between 5 and 25 wt %. The molecular weights 
(number average. Mn) of the suitable component (C) random styrene-maleic anhydride copolymers may vary over a 
wide range. A range of 60.000 to 200.000 is preferred. An intrinsic viscosity of 0.3 to 0.9 is preferred for these producte. 
[0027] Instead of styrene. the vinyl copolymers (C) may also contain ring-substituted styrenes such as p-methylsty- 
rene vinyrtoluene, 2.4-dimethylstyrene. and other substituted styrenes such as a-methylstyrene. 
so [0028] The vinyl copolymers mentioned in the above can be used alone or in admixture with other two or more vinyl 
copolymers. 

(D) A mixture of phosphate esters 

25 [0029] The thermoplastic resin compositions according to the invention contain a mixture of (D-1) and (D-2) as a flame 
retardant. The weight ratios of (D-1 ) and (D-2) may be varied within a wide range, according to the purpose of the prop- 
erties to be required. The mixture consists of more than or equal to 10 wt. % and less than 50 wt % of (D-1) and ^more 
than or equal to 50 wt. % and less than or equal to 90 wt. % of (D-2). preferably 10 to 47 wt % of (D-1) and 90 to 53 wt. 
% of (D-2). and more preferably. 15 to 45 wt.% of (D-1) and 85 to 55 wt.% of (D-2). 

30 [00301 As generally known to this field. bisphenol-A derived polyphosphates are synthesized by reacting phosphorus 
oxychloride with bisphenol-A and monophenols such as phenol or cresol. Due to the nature of the production process 
of the polyphosphates, monophosphates (D-2) are always included in the reaction mixture. To obtain ^ mixture of 
phosphate esters (D) having desired composition, commercially available monophosphates such as tnphenylphos- 

35 [0031 ] rP TheTeferableSmposition of (D) is such a composition that the average value of the number of phosphorus 
atom per phosphate molecule is 1 .03 - 2.0. more preferably, 1 .03 - 1 .6. 

(D-1) Polyphosphate ester compound 

40 [0032] The thermoplastic resin compositions according to the present invention contain, as a flame retardant. a mix- 
ture of polyphosphate ester compound (D-1) and a monophosphate ester compound (D-2). 
[0033] Component (D-1) is a mixture of polyphosphates wherein each component is represented by the general for- 
mula (I) 
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wherein 

. R 2 , R* and R 5 mutually independently are C6-C20 aryl or alkyi substituted C6-C20 aryl, R3 is a residue derived 
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from bisphenol A. and M is an integer equal to or greater than 1. Preferably. (D-1) is a mixture of polyphosphates 
represented by formula (I) wherein M is 1 , 2. 3. 4. or 5. 

(D-2) monophosphate Compound 

[0034] Component (D-2) is a monophosphate represented by the general formula (II) or a mixture of monophosphates 
wherein each component is represented by the general formula (II) 




cm 



R 



wherein 

R is alkyl group such as t-butyl. isopropyl. isobutyl. isoamyl, t-amyl and N is 0 or an integer from 1 to 3^ Preferably, 
the component (D-2) is a mixture of alkyl substituted monophosphate esters comprising 0 to 20 parte by 'weight ot 
tri(alkylphenyl)phosphate(N=3). 0 to 50 parts by weight of di(alkylphenynmonophenylphosphate(N=2) 0 to M 
parts by weight of diphenylmono(alkylphenyl)phosphate(N=1). and 10 to 100 parte by weight of tnphenytphos- 
phate(N=0). 

[0035] The preferred substituent R is t-butyl and isopropyl. The most preferred substituent R is t-butyl. And a mixture 
of mixed t-butylphenyl phosphate esters and the mixed isopropylphenyl phosphate esters are also preferred. 

(E) Further flame retardants 

[0036] The thermoplastic resin compositions according to the present invention include further flame retardants to 
improve the f lame-retarding properties. In particular, a f luorinated polyolef ins and/or a salt having flame-retarding prop- 
erties for aromatic polycarbonates are used as further flame retardants. 

[0037] Examples of fluorinated polyolefins include polytetrafluoroethylene, polyv.nyl.dene f luonde. tetraf luoroe hyl- 
ene/hexafluoropropylene and ethylenertetrafluoroethylene copolymers. The fluorinated polyolefins may be used alone 
or in admixture with other two or more fluorinated polyolef ins. 

[0038] The fluorinated polyolefin decreases the melt flow of the flameproof thermoplasbc res.n dunng combuston by 
forming a fibrillary network in the resin and increases shrinkage of the resin, thereby preventing dr.pp.ng of the melted 

[^"""^^Jlforinated polymers may be produced using known processes, for example, by polymerization of 
tetrafluoroethyfene in an aqueous medium with a free radical forming catalyst, for exarrple sod.umj rotossiurr .or 
ammonium peroxydisulphate at pressures of 7 to 71 kgf/cm2 and at temperatures of 0"C to 200'C. preferably at tem- 

Kl^Th^fluorirated polyolefins may be used in powder form or in emulsion form. Fluorinated polyolefins of emul- 
sion form show a good dispersion, but make the preparation process complicated. Therefore, it is durable to use pow- 
der formed fluorinated polyolefins that can be dispersed evenly in the total resins to form fibnllar network. 
[0041] The fluorinated polyolefins suitable for the present invention is tetraf luoroethylene polymers wrth average par- 
ticle sizes of 0.05 to 1000 urn and densities of 2.0 g/cm3 to 2.3 g/cm3. 

[0042] Salts having flame retarding properties are generally known and are used commercially .n poly^fbonate 
based resins. All salts which are suitable for polycarbonate based resins can be used in the res.n composrbon of the 
present invention. Specific examples are salts of sulfonates for example, sodium trichlorobenzene sulfonate salts of 
sulfone sulfonates, for example, potassium salt of diphenylsulfone sulfonate, salts of alkane sutfomc aod and sod.um 

^7^^"°^ the fluorinated polyolefins to be blended in the composition is 0.05 to 5.0 part by 'weight, based 
on 100 parte by weight of the basic resin (A)+(B)+<C) and an amount of the salts to be blended is 0.01 - 1 parte by 

weight of the base resin (A)+(B)+(C) . 

[0044] In addition to the above-mentioned components, the thermoplastic molding composrt.cn accord.ng to the 
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invention may further contain the conventional additives such as lubricants and mold release agents, nucleating agents, 
antistatic agents, stabilizers, fillers and reinforcing materials, together with dyes and pigments. The amount of fillers or 
^Tnforc^ mowTng compounds to be incorporated may contain up to 60 parts, preferably 1 0 to 40 parts by we.ght based 
on 1 00 parts by weight of the basic resin (A)+(B)+(C) . 

, [0045] Thettemoptesticresta 

of resin compositions, for example, by mixing together the constituents including the vanous additives and melt-extrud- 

irra within the extruders in pellet form. . 
[0046] The molding composition according to the present invention may be used to produce moldmgs of any tand. 
The molding composition are particularly suitable for the production of electric and electronic products >>»™£(fr 
io example, computer casing parts), which are required to exhibit particularly high notched .mpact strength and stress 
cracking resistance. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
is (A) Polycarbonate 

[0047] Bisphenol A based polycarbonate with an average molecular weight(Mw) of 20.000 was used. 

(B) Rubber Reformed Graft Copolymer 

20 [0048] 45partsby weight of polybutadiene latex. 36 parts by weightof styrene, Upartsby weight of acrylonitrile. and 
50 parts by weight of deionized water were mixed, and 1 .0 parts by weight of potassium oleate 0^4 ^ by w^gMof 
cumene hydroperoxide, and 0.3 parts by weight of mercaptan-based chain transfer agent were added to the m«ed solu- 
ZTZ Suiting solution was kept at 75 °C for 5 hours to prepare a ABS graft copolymer latex. To the resulting graft 
copolymer. 1% sulfuric acid solution was added to prepare graft copolymer in powder form. 

(C) Vinyl copolymer 

[0049] To a mixture of 70 parts by weight of styrene. 30 parts by weight of acrylonitrile and 120 parts by weight of 
ieionized water. 0.2 parts by weight of azobisisobutylonitrile and 0.5 parts by weight of tr,calc,um P^h^ 
added. SAN copolymer was prepared by suspension polymerization, and subsequently by washing, dehydrating and 
drying the resultant product. SAN copolymer in powder form was obtained. 

(D) A mixture of phosphate esters 
(Da) Bisphenol-A type polyphosphate 

[0050] Bisphenol-A type polyphosphate(Da) used was a mixture of phosphates wherein each com^nentswe^ rep- 
esented by the gerneral formula (I), wherein the substituents designated as R 1( R 2 . R* and R5 are [f^VW^i 
M was 0 1. 2. 3. or 4. The amount of triphenylphosphate(phosphate with M=0 in general formula (I)) was 3 wt % of the 
phosphate mixture and the average value of the number of phosphorus atom per phosphate molecule was 2.1 . 



25 



30 



35 



40 



(Db) Triphenyiphosphate (TPP) 

45 (Dc) A mixture of t-butyl substituted monophosphate 

[0051] A mixture of t-butyl substituted monophosphate esters containing 0.5% by weight ^P^P^J 3 ^ 
33.2% by weight of diphenyl(t-butylphenyOphosphate. 49.5% by weight of phenyldi(t^utylphenyl)phosphate and 1 2.5% 
by weight of tri(t-butylphenyi)phosphate was used. 



50 



(E) Fluorinated Polydefin 

[0052] Teflon(trademark) 7AJ of Dupont. Inc. of U.S.A. was used. 
55 Examples 1 and 2 and comparative examples 1 and 2 

r0053] All the components were mixed with an antioxidant and thermal stabilizer, and extruded in a twin-screw 
extruder(L/D=35. o =45). The resulting extrudates were pelletized and the test specimens for mechanical properties 
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10 



15 



were produced using an 10 oz injection molding machine at the temperature of 250°C. 

[00541 Bleeding out was measured by observing the injection molded container produced on an 40 oz injection mold- 
ing machine at the temperature of 250°C with a dimension of 200 mm x 200 mm x 100 mm x 3 mm. length, width, 
height, and thickness respectively. _,_ , ... M . n . W1 _„ n 

[0055] Thermal stability was measured by the occurence of black streak on the surface of molded parts o [dimen- 
sions 200 mm x 50 mm x 2 mm after injection molding. The injection molding temperature was vaned from 280 C to 
320 "C and the injection pressure and speed were also varied. For the consideration of various types of injection mold- 
ing conditions used in the practical commercial injection molding process, various conditions including relatvely severe 
conditions of high temperature and high injection speed were tested. 

[0056] It may be seen from the Table that the examples 1 and 2 with a mixture of a b.sphenol A dewed pofyphosphate 
and monophosphate esters wherein the amount of bisphenol A derived polyphosphate is less than 50 wt. % andmore 
than or equal to 1 0 wt. % of the total amount of the flame retardant have higher impact strength, better flame retardancy. 
and distinctly higher thermal stability than the comparative examples 1 and 2 with flame retardants having morel man 
50 wt. % of the bisphenol A derived polyphosphates in the total flame retardants. Moreover, all the examples and the 
comparative examples do not show bleeding out during injection molding. 





Example 1-2 


Comparative 


example 1-2 




1 


2 


1 


2 


(A) Polycarbonate 


80 


67 


67 


50 


(B) Graft Copolymer 


10 


13 


13 


20 


(C) SAN 


10 


20 


20 


30 


(Da) Bisphenol-A diphosphate 


5.8 


4 


11 


6.2 


(Db) TPP 


3.1 


10 


3 


5.8 


(Dc) A mixture of t-butyl substituted monophosphate 


3.1 








Weight % of (D-1) and (D-2) in total 
phosphate esters 


(D-1) 


47 


28 E 


76 


50 


(D-2) 


53 


72 


24 


I 50 


(E) Fluorinated Polyolefin 


0.4 


0.2 


0.2 




UL94< 1 > (1/16") 


V-0 


V-0 


V-1 


V-2 


Izod Impact Strength^ (1/8". kg • cm/cm) 


42 


39 


35 


31 


Heat Resistance^ (VST, °C) 


94 


84 


85 


74 


Bleeding out w 


0 


0 


0 


0 


Thermal stability 


0 


0 


* 


A 



20 



25 



30 



35 



40 



45 



50 



Notes) 

(1) UL 94 (1/1 6") was tested according to UL 94 VB. 

(2) Izod Impact Strength was tested according to ASTM D256. 

(3) Heat Resistance was tested according to ASTM D1525. 

(4) Bleeding out 

0 : No bleeding out was observed. 
X : Bleeding out was observed. 

(5) Thermal Stability 

0: Black streak was not observed. 

A : Black streak was observed depending on injection molding condition. 
X : Black streak was observed often. 
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Claims 



1 . Flame retardant, thermoplastic molding composition which comprises 

(A) 40 to 99 parts by weight of a halogen free, thermoplastic polycarbonate; 
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(B) 1 to 50 parts by weight of a graft polymer prepared by graft polymerizing 
(B-1) 5 to 95 parts by weight of a mixture of 

(B-1.1) 50 to 95 parts by weight of styrene. o-methylstyrene. halogen or methyl ring-substituted sty- 

rene C1 -C8 alkyl methacrylate. C1 -C8 alkyl acrylate. or a mixture thereof and 

(B-1 2) 5 to 50 parts by weight of acrylonitrile. methacrylonitrile. C1-C8 alkyl methacrylates. C1-C8 

alkyl' acrylate, maleic anhydride, C1-C4 alkyl or phenyl N-substituted maleimides or a mixture thereof 

onto 

(B-2) 5 to 95 parts by weight of a polymer with a glass transition temperature of below -1 0 "C and selected 
from a group consisting of butadiene rubbers, acryl rubbers, ethylene/propylene rubbers, styrene/butadi- 
ene rubbers, acrylonitrile/butadiene rubbers, isoprene rubbers. EPDM rubbers, polyorganosiloxane deriv- 
atives, and mixture thereof; 

(C) 0 to 50 parts by weight of a vinyl copolymer or mixture thereof prepared from 

(C-1 ) 50 to 95 parts by weight of styrene. a-methylstyrene. ring-substituted styrenes. C1 -C8 alkyl methacr- 
ylates. C1-C8 alkyl acrylates or a mixture thereof and 

(C-2) 50 to 5 parts by weight of acrylonitrile. methacrylonitrile. C1 -C8 alkyl methacrylates. C1 -C8 alkyl acr- 
ylates. maleic anhydride. N-substituted maleimides and a mixture thereof; 

(D) 0.5 to 20 parts by weight, based on 100 parts by weight of (A)+(BMC) . of a mixture of phosphate esters 
comprising 

(D-1) more than or equal to 10 % by weight and less than 50 % by weight of a mixture of polyphosphates 
wherein each component is represented by the general formula (0 



o 

II 

R,-OP-0 



o 
a 

R,-0-P-0- 



-P-O- Rs 

- M 



(I) 



wherein 

R 2 . R4 and R 5 independently of one another are C6-C20 aryl or alkyl substituted C6-C20 aryl, R 3 is a 
residue derived from bisphenol A, and Mis an integer equal to or greater than 1, and 
(D-2) more than or equal to 50 % by weight and less than or equal to 90% by weight of a monophosphate 
represented by the general formula (10 or a mixture of monophosphates wherein each component is rep- 
resented by the general formula (II) 



cm 





wherein 

R is alkyl group such as t-butyl. isopropyl, isobutyl. isoamyl, t-amyl and N is 0 or an integer from 1 to 3; and 
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(E) further flame retardants comprising 0.05 to 5.0 part by weight, based on 100 parts by weight of the 
basic resin (A)+(B)+(C) . of a fluorinated polyolefin and/or 0.01 - 1 parts by weight of the base resin 
(A)+(B)-KC) of a salt having flame retarding properties for aromatic polycarbonates. 

2. Flame retardant thermoplastic molding composition according to claim 1 . wherein weight ratio of (D-1) to (D-2) is 
between 10:90 and 47:53. 

3. Flame retardant thermoplastic molding composition according to claim 1 . wherein weight ratio of (D-1) to (D-2) is 
between 15:85 and 45:55. 

4 Flame retardant thermoplastic molding composition according to claim 1 . wherein said component (D-1 ) is a mix- 
ture of polyphosphates wherein each component, represented by the formula (I), has M value of 1 . 2. 3. 4. or 5. 

5. Flame retardant thermoplastic molding composition according to claim 1 . wherein the . R 2 . R 4 . and Ft 5 of com- 
ponent (D-1) are all phenyl. 

6. Flame retardant thermoplastic molding composition according to claim 1 . wherein said component (D-1) is bisphe- 
nol-A diphenylphosphate. 

7. Flame retardant thermoplastic molding composition according to claim 1 . wherein said component (D-2) is a mix- 
ture of alkyl substituted monophosphate esters comprising 0 to 20 parts by weight of tri(alkylphenyl)phos- 
phate(N=3). 0 to 50 parts by weight of di(alkylphenyl)monophenylphosphate(N=2). 0 to 60 parts by weight of 
diphenylmono(alkylphenyl)phosphate(N=1). and 10 to 100 parts by weight of triphenylphosphate(N=0). 

8. Flame retardant thermoplastic molding composition according to claim 1 . wherein the alkyl group R of said compo- 
nent (D-2) is t-butyl. 

9. Flame retardant thermoplastic molding composition according to daim 1 . wherein the alkyl group R of said compo- 
nent (D-2) is isopropyl. 

1 0. Flame retardant thermoplastic molding composition according to claim 1 . wherein the composition of said compo- 
nent (D) is such a composition that the average value of the number of phosphorus atom per phosphate molecule 
rs 1.03 -2.0. 

11. Flame retardant thermoplastic molding composition according to claim 1. wherein the composition of said compo- 
nent (D) is such a composition that the average value of the number of phosphorus atom per phosphate molecule 
is 1.03 -1.6. 

12. Flame retardant thermoplastic molding composition according to claim 1. wherein said fluorinated polyolefin in 
component (E) is a fluorinated polyolefin with average particle sizes of 0.05 to 1000 iim and densities of 2.0 g/cm 
to2.3g/cm 3 

13. Flame retardant thermoplastic molding composition according to claim 1. wherein said salt in component (E)is a 
salt selected from the group consisting of saHs of sulfonates, salts of sulfone sulfonates, and salts of alkane sulfonic 



14. Flame retardant thermoplastic molding composition according to claim 1. wherein said resin composition further 
includes at least one additives selected from the group consisting of inorganic fillers, glass fibers, carbon fibers, 
thermal stabilizers, antioxidants, light stabilizers, plasticizers. dyes, pigments, lubricants and mold release agents, 
fillers, nucleating agents and antistatic agents. 

15. Flame retardant thermoplastic molding composition having improved flame retardancy and thermal stability, con- 
sisting essentially of 

(A) 40 to 99 parts by weight of aromatic polycarbonate; 

(B) 2 to 40 parts by weight of a graft polymer of styrene and acrylonHrile on particulate, crosslinked polybuta- 
diene rubber; 

(C) 1 to 40 parts by weight of styrene/acrylonitrile copolymer; 
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(D) 2 to 20 parts by weight, based on 100 parts by weight of (A)+(B)+(C) , of a mixture of 

(D-1) more than or equal to 10 % by weight and less than 50 % by weight of a mixture of polyphosphates 
wherein each component is represented by the general formula (I) 



o 

II 

Ri-O-P-O 



Rt 



O 

II 

Ri-O-P-O- 



-P-O- Ri 

L 



en 



Ri. R 2 , R4, and R s are all phenyl, R3 is a residue derived from bisphenol A, and M is an integer equal to 

(D-Vmore thenar equal to 50 wt. % and less than or equal to 90 wt. %. based on (D). of triphenylphos- 
phate; and 

(E) 0.05 to 5 parts by weight of tetrafluoroethylene polymer and/or 0.01 to 1 parts by weight of potassium satt 
of sulfone sulfonate. 

16. Articles formed from the thermoplastic resin composition as claimed in daim 1. 
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